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SYSTEMS AND METHODS FOR TESTING
MICROELECTRONIC IMAGERS AND
MICROFEATURE DEVICES

TECHNICAL FIELD

The present invention 1s related to systems and methods

for testing microelectronic 1magers and microieature
devices.

BACKGROUND

The microelectronics industry 1s highly competitive and
microelectronics manufacturers are very sensitive to quality
and cost considerations. Most microelectronics manufactur-
ers require that suppliers of microelectronic components test
the performance of each microelectronic component before
shipment to minimize the manufacturer’s product losses. For
example, microelectronic 1imagers are commonly tested by
establishing temporary electrical connections between a test
system and electrical contacts on each microelectronic imag-
ing die while simultaneously exposing an image sensor on
the device to light.

One way of establishing a temporary electrical connection
between the test system and the contacts on a microelec-
tronic component employs a probe card carrying a plurality
of probe pins. The probe pins are typically erther a length of
wire (e.g., cantilevered wire probes) or a relatively complex
spring-biased mechamism (e.g., pogo pins). The probe pins
are connected to the probe card and arranged 1n a predeter-
mined array for use with a specific microelectronic compo-
nent configuration. For example, when testing a microelec-
tronic 1imager with a conventional probe card (whether 1t be
a cantilevered wire probe card, a pogo pin probe card, or
another design), the probe card 1s positioned proximate to
the front side of the imaging die to be tested. The probe card
and the 1imaging die are aligned with each other 1 an effort
to precisely align each of the probe pins of the probe card
with a corresponding electrical contact of the front side of
the 1maging die.

One problem with testing imaging dies at the water level
1s that 1t 1s diflicult to expose an 1mage sensor to light while
simultaneously aligning the probe pins or the body of the
probe card with the corresponding electrical contacts on the
front side of the imaging die. For example, because the
probe card 1s positioned over the image sensor to contact the
front side bond-pads on the die, the probe card must have a
plurality of holes or apertures through which light can pass.
This limits water-level testing methods because the physical
constraints of probe card structures and the limited testing
area available on the water. Further, the probe card and/or
probe pins positioned proximate (but not over) the image
sensor also intertere with the light directed to the image
sensor (e.g., shadowing, reflections). These limitations result
in the ability to test only a fraction of the imaging dies on a
waler of 1imaging dies as compared to the number of other
types of dies that can be tested in non-imaging applications
(e.g., memory, processors, etc.). For example, only four
CMOS mmaging dies can be tested simultaneously on a watfer
compared to 128 DRAM dies using the same equipment.
Accordingly, there 1s a need to improve the efliciency and
throughput for testing imaging dies.

Another problem with conventional probe card testing
methods 1s that the testing process can introduce moisture
and/or other contaminants to the image sensors. For
example, conventional probe cards and/or probe pins are
positioned over the image sensors to contact the bond-pads
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on the front side of the dies. Accordingly, tiny particles
generated during the testing process or otherwise on the
probe pins can fall onto the 1mage sensors. This can cause a
malfunction or failure because a particle as small as ten
microns can ellectively ruin an 1mage sensor. Accordingly,
there 1s a further need to improve the testing of imaging dies.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic side cross-sectional view of a

system for testing a plurality of microelectronic 1maging
dies 1n accordance with one embodiment of the mvention.

FIG. 2 1s a schematic side cross-sectional view of a
system for testing a plurality of microelectronic 1maging
dies 1n accordance with another embodiment of the inven-
tion.

FIG. 3 1s a schematic side cross-sectional view of a
system for testing a plurality of microelectronic imaging,
dies 1n accordance with another embodiment of the 1nven-
tion.

FIG. 4 1s a schematic side cross-sectional view of a
system for testing a plurality of microelectronic imaging
dies while simultaneously repairing fuses on a workpiece 1n
accordance with one embodiment of the invention.

FIG. § 1s a schematic side cross-sectional view of a
system for testing a plurality of microfeature devices 1n
accordance with one embodiment of the invention.

FIG. 6 1s a schematic side cross-sectional view of a
system for testing a plurality of microfeature devices 1n
accordance with one embodiment of the invention.

FIG. 7 1s a schematic side cross-sectional view of a
system for testing a plurality of microelectronic 1maging
dies along with a plurality of microfeature devices 1n accor-
dance with one embodiment of the invention.

DETAILED DESCRIPTION

A. Overview

The present invention 1s directed toward systems and
methods for testing microelectronic 1imagers and microfea-
ture devices. The term “microfeature device” 1s used
throughout to include microelectronic devices, microme-
chanical devices, data storage elements, read/write compo-
nents, and other articles of manufacture. For example,
microfeature devices include SIMM, DRAM, flash-memory,
ASICS, processors, thp chips, ball-grid array chips, and
other types of electronic devices or components. Several
specific details of the mnvention are set forth in the following,
description and in FIGS. 1-7 to provide a thorough under-
standing of certain embodiments of the invention. One
skilled 1n the art, however, will understand that the present
invention may have additional embodiments or that embodi-
ments of the invention may be practiced without several of
the specific features described below.

One aspect of the mvention 1s directed to methods for
testing microfeature devices and microelectronic 1maging
dies from a backside of a workpiece. In one embodiment, a
method mncludes providing a microfeature workpiece includ-
ing a substrate having a front side, a backside, and a plurality
of microelectronic dies. The individual dies include an
integrated circuit and a plurality of contact pads at the
backside of the substrate operatively coupled to the inte-
grated circuit. The method further includes contacting indi-
vidual contact pads with corresponding pins of a probe card
and testing the dies.
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Another embodiment of a method for testing microfeature
devices 1n accordance with the mvention includes testing
microelectronic 1imaging dies. The method comprises pro-
viding a microfeature workpiece including a substrate hav-
ing a front side, a backside, and a plurality of microelec- 5
tronic 1maging dies. The individual dies include an 1mage
sensor, an mtegrated circuit electrically coupled to the image
sensor, a plurality of contact pads at the backside of the
substrate, and through-wafer interconnects extending at least
partially through the substrate and electrically coupling 10
corresponding contact pads to the integrated circuit. The
method 1ncludes contacting individual contact pads at the
backside of the substrate with corresponding pins of a probe
card. The method then includes illuminating the image
sensors while testing the dies. 15

Another embodiment of a method for testing microfeature
devices in accordance with the invention includes testing the
microfeature devices from both the front side and backside.
The method comprises providing a microfeature workpiece
including a substrate having a plurality of microelectronic 20
dies. The individual dies have an integrated circuit, a plu-
rality of terminals at the front side of the substrate opera-
tively coupled to the integrated circuit, a plurality of contact
pads at the backside of the substrate operatively coupled to
the integrated circuit, and through-wafler interconnects 25
extending through the substrate and electrically coupling the
terminals to corresponding contact pads. The method further
includes contacting individual terminals with corresponding
pins of a first probe card while contacting individual contact
pads with corresponding pins of a second probe card. The 30
contact pads being contacted by the second probe card are
not 1n electrical contact with the terminals being contacted
by the first probe card. The method then includes testing the
dies.

Another aspect of this invention is directed toward sys- 39
tems for testing microfeature devices and microelectronic
imaging dies. One embodiment of a system in accordance
with the invention comprises a microfeature workpiece
including a substrate having a plurality of microelectronic
dies. The individual dies include an integrated circuit and 4V
through-water interconnects extending through at least a
portion of the substrate and operatively coupled to the
integrated circuit. The dies further include a plurality of
contact pads at the backside of the substrate and operatively
coupled to the integrated circuit. The system also includes a 4>
probe card having a plurality of pins positioned to contact
corresponding contact pads and test the dies.

B. Embodiments of Methods for Testing Microelectronic
Imaging Dies 50
FIG. 1 1s a schematic side cross-sectional view of a

system 100 for testing a plurality of microelectronic imaging
dies 1n accordance with an embodiment of the invention.
The system 100 1s configured for testing of a plurality of
imaging dies to verily and ensure that the imaging dies 55
function according to specification.

The system 100 illustrated 1n FIG. 1 includes a micro-
teature workpiece 200. The microfeature workpiece 200
includes a substrate 210 having a front side 212, a backside
214, and a plurality of imaging dies 220 formed on and/or 60
in the substrate 210. The individual imaging dies 220 can
include an image sensor 240, an integrated circuit 222
coupled to the image sensor 240, and external contacts 230
clectrically coupled to the integrated circuit 222. The image
sensors 240 can be CMOS image sensors or CCD 1mage 65
sensors for capturing pictures or other images 1n the visible
spectrum, but 1n other embodiments the 1image sensors 240

4

can detect radiation 1n other spectrums (e.g., IR or UV
ranges). The image sensors 240 are typically located at the
front side 212 of the substrate 210.

The external contacts 230 shown 1n FIG. 1 provide a small
array of ball-pads within the footprint of each imaging die
220. Each external contact 230, for example, can include a
terminal 234 (e.g., a bond-pad), an external contact pad 236
(e.g., a ball-pad), and an interconnect 238 coupling the
terminal 234 to the contact pad 236. In another aspect of this
embodiment, a solder ball 237 1s attached to each contact
pad 236 to provide an external connection to other electronic
devices (e.g., probe cards) on the backside 214 of the
substrate 210. In other embodiments, the solder balls 237
may be omitted.

In the embodiment shown 1n FIG. 1, the terminals 234 are
on the front side 212 of the substrate 210, the contact pads
236 are on the backside 214 of the substrate 210, and the
interconnects 238 are through-wafer interconnects that
extend completely through the substrate 210 to couple the
terminals 234 to the contact pads 236 and corresponding
solder balls 237. In other embodiments, however, the imag-
ing dies 220 may not include the terminals 234 on the front
side 212 of the substrate 210 such that the integrated circuit
222 1s coupled directly to the contact pads 236 on the
backside 214 of the substrate 210 by through-wafer inter-
connects that extend through only a portion of the substrate
210, or the terminals 234 can be within the substrate 210.

The system 100 further includes a probe card 290 posi-
tioned proximate the backside 214 of the substrate 210. In
this disclosure, the term “probe card” may encompass a
variety of architectures, including both rngid structures and
flexible structures and including probe assemblies adapted
for testing single microelectronic components and those
adapted for testing multiple devices simultaneously, such as
the system 100 illustrated 1n FIG. 1. The probe card 290 in
the 1llustrated embodiment can be formed according to the
methods disclosed i U.S. patent application Ser. No.
10/230,653, entitled “Probe Card, e.g., For Testing Micro-
clectronic Components, and Methods for Making Same,”
filed on Aug. 29, 2002, and herein incorporated by reference
in its enfirety.

The probe card 290 includes a plurality of pins 292
positioned to contact corresponding contact pads 236 and/or
solder balls 237 on the individual dies 220. During testing,
the pins 292 are 1n electrical communication with corre-
sponding contact pads 236 and adapted to deliver and/or
receive test signals (including source voltage, ground, etc.)
to one more of the components being tested (e.g., 1image
sensors 240). The pins 292 are typically either a length of
wire or a spring-biased mechanism (e.g., pogo pins). The
pins 292 can be arranged on the probe card 290 1n an array
corresponding to an array of the contact pads 236 and/or
solder balls 237 on the backside 214 of the substrate 210.

The system 100 illustrated 1n FIG. 1 further includes a
plurality of light sources 280 positioned above the front side
212 of the substrate 210 and configured to provide light 282
to the 1mage sensors 240 on the 1imaging dies 220. During
testing, light 282 impinges on the individual image sensors
240 to test the functionality of the image sensors 240 and to
ensure that the image sensors 240 function according to
specification. In the illustrated embodiment, the light 282
from the light sources 280 1s visible light. In further embodi-
ments, however, the image sensors 240 can be configured to
detect radiation 1n other spectrums (e.g., IR or UV ranges).
Accordingly, the light sources 280 can be radiation sources
configured to produce IR- and/or UV-range radiation for
testing the 1mage sensors 240.
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One feature of the illustrated system 100 1s that the
external contacts 230 provide arrays of contact pads 236 on
the backside 214 of the substrate 210. Each array of contact
pads 236 1s operatively coupled to a corresponding image
sensor 240. More specifically, the contact pads 236 can be
located on the backside 214 of the substrate 210 because the
interconnects 238 are through-wafer interconnects that
extend to the backside 214 of a substrate 210. Accordingly,
the backside arrays of contact pads 236 allow the imaging
units 240 to be operably coupled to the probe card 290 on the
backside 214 of the substrate 210. As such, the probe card
290 does not intertere with the image sensors 240 on the
front side 212 of the substrate 210 during 1llumination and
testing. Moreover, this feature allows a plurality of 1maging,
dies 220 to be tested simultaneously without interference
from neighboring probe cards 290 and/or pins 292. Further,
the testing process can be more accurate because the image
sensors 240 on the dies 220 can be fully illuminated without
shadows or reflection from the probe card 290 and/or the

pins 292.

Another feature of the illustrated system 100 1s that by
testing from the backside 214 of the substrate 210, potential
contamination to the image sensors 240 on the front side 212
of the substrate 210 1s mitigated or even eliminated. The
image sensors 240 are very susceptible to damage from
contamination because, as noted above, a particle as small as
ten microns can eflectively ruin an 1image sensor. By testing
from the backside 214 of the substrate 210, particles cannot
fall from the probe card 290 and/or pins 292 to the image
sensors 240. Moreover, the image sensors 240 can be
covered before testing from the backside contact pads 236 to
provide complete protection of the image sensors 240.

C. Additional Embodiments of Methods for Testing Micro-
clectronic Imaging Dies

FIGS. 24 illustrate several alternative embodiments of
systems for testing microelectronic imaging dies. In each of
FIGS. 24, many of the features may be the same as those
discussed above in connection with the system 100 1n FIG.

1. Accordingly, like reference numbers are used to refer to
like components 1n FIG. 1 and in FIGS. 2-4.

FIG. 2 1s a schematic side cross-sectional view of a
system 120 for testing a plurality of microelectronic imaging
dies 1n accordance with another embodiment of the mnven-
tion. The system 120 includes the microfeature workpiece
200, the probe card 290, and the light sources 280 described
above with respect to FIG. 1. The primary difference
between the system 120 shown 1n FIG. 2 and the system 100
shown 1n FIG. 1 1s that the orientation of the microfeature
workpiece 200 1s mnverted 1n the system 120. More specifi-
cally, the front side 214 of the substrate 210 1n this embodi-
ment 1s oriented 1n a generally downward direction, as
opposed to the generally upward orientation of the front side
214 of the substrate 210 1n the system 100. The probe card
290 and the light sources 280 1n the 1llustrated embodiment
are rearranged accordingly. One feature of this embodiment
1s that potential contamination of the image sensors 240 1s
turther mitigated. Because the image sensors 240 on the
front side 214 of the substrate 210 are oriented 1n a generally
downward direction, debris 1s less likely to accumulate on
the front side 214 of the substrate 210 and/or the image
sensors 240 compared to the face-up orientation shown 1n
FIG. 1. Accordingly, the inverted orientation of the system
120 1n the 1llustrated embodiment can enhance the protec-
tion of the 1image sensors 240 during testing.

FIG. 3 1s a schematic side cross-sectional view of a
system 130 for testing a plurality of microelectronic imaging
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6

dies 1n accordance with another embodiment of the mnven-
tion. In one aspect of this embodiment, the system 130
includes a microfeature workpiece 300 and a probe card 390
generally similar to the components described above with
respect to FIG. 1. The microfeature workpiece 300 includes
a substrate 310 having a front side 312, a backside 314, and
a plurality of imaging dies 320 formed on and/or in the
substrate 310. The individual 1imaging dies 320 can include
an 1mage sensor 340, an integrated circuit 322 electrically
coupled to the image sensor 340, and external contacts 330
clectrically coupled to the integrated circuit 322.

The external contacts 330 shown in FIG. 3 can be

generally similar to the external contacts 230 described
above with respect to FIG. 1. Each external contact 330, for
example, can include a terminal 334 (e.g., a bond-pad) at the
front side 312 of the substrate 310 and an interconnect 338
in contact with the terminal 334 and extending through the
substrate 310. The workpiece 300, however, differs from the
workpiece 200 shown 1n FIG. 1 in that the external contacts
on the backside 314 of the substrate 310 are of such a fine
pitch that a redistribution assembly 370 1s formed on the
substrate 310. The redistribution assembly 370 includes a
dielectric layer 372, a plurality of ball-pads 336 at a backside
374 of the redistribution assembly 370, and a plurality of
traces 339 electrically coupling the ball-pads 336 to corre-
sponding interconnects 338. Accordingly, the ball-pads 336
provide an external connection to other electronic devices
(e.g., probe cards). In another aspect of this embodiment, a
solder ball (not shown) or other conductive element can be
attached to each ball-pad 336.
The probe card 390 has a plurality of pins 392 positioned
at the backside 314 of the substrate 310. The probe card 390
differs from the probe card 290 shown in FIG. 1 1n that the
arrangement of the pins 392 on the probe card 390 is
different. The pins 392 can be arranged 1n an array corre-
sponding to the ball-pads 336 on the redistribution assembly
370. In another aspect of the embodiment 1llustrated 1n FIG.
3, the system 130 can further include the light sources 280
positioned above the front side 312 of the substrate 310 and
configured to provide light 282 to the 1image sensors 340 on
corresponding 1maging dies 320.

One feature of the illustrated embodiment 1s that the
redistribution assembly 370 provides arrays of ball-pads 336
that are spaced farther apart and have more surface area than
the contact pads 236 shown in FIG. 1. This feature 1s
particularly important when positioning and attaching the
pins 392 of the probe card 390 to ball-pads arranged in the
high-density, fine pitch arrays that are common 1n high-
performance 1magers.

FIG. 4 1s a schematic side cross-sectional view of a
system 140 1n accordance with another embodiment of the
invention. In one aspect of this embodiment, the system 140
can include the microfeature workpiece 200 and the probe
card 290 described above 1n FIG. 1. The system 140 differs
from the system 100 described above with respect to FIG. 1
in that the system 140 further includes a repair apparatus 480
to fuse repair electrical connections on the substrate 210.
The repair apparatus 480 in the illustrated embodiment
includes a laser 481 (shown schematically) that directs laser
light 482 onto an antifuse 484 at the front side 212 of the
substrate 210. The laser light 482 1rradiates the antifuse 484
on the substrate 210, thus reflowing the antifuse 484 and
restoring the electrical connection to a failed connection on
the dies 220. In other embodiments, the repair apparatus 480

can have other configurations and/or irradiate the antifuse
484 1n a difl

erent manner. One feature of the illustrated
embodiment 1s that the fuse repair process can take place at
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one location on the front side 212 of the substrate 210, while
testing of the imaging dies 220 1s taking place at another
location on the front side 212 of the substrate 210. Accord-
ingly, the simultaneous repair/testing processes can result 1in
faster throughput and lower manufacturing costs.

D. Additional Embodiments of Methods for Testing Micro-
teature Devices

FIGS. 5-7 illustrate systems for testing microfeature
devices 1n accordance with additional embodiments of the
invention. For example, FIG. 5 1s a schematic side cross-
sectional view of a system 130 including a microfeature
workpiece 500 and two probe cards 590, 5935 configured for
testing microieature devices 515 on the workpiece 500. The
system 150 differs from the system 100 shown above 1n FIG.
1 in that the microfeature devices 515 on the workpiece 500
do not include 1mage sensors.

The microfeature workpiece 500 1n the illustrated
embodiment 1ncludes a substrate 5310 having a front side
512, a backside 514, and a plurality of microfeature devices
515 formed on and/or 1in the substrate 510. The individual
microfeature devices 515 include a microelectronic die 520
having an integrated circuit 522 and a plurality of external

contacts 330 electrically coupled to the integrated circuit
522.

The external contacts 530 can be generally similar to the
external contacts 230 described above with respect to FIG.
1. Each external contact 330, for example, can include a
terminal 334 (e.g., a bond-pad), an external contact pad 536
(c.g., a ball-pad), and an interconnect 538 coupling the
terminal 534 to the contact pad 536. In the embodiment
shown 1n FIG. 5, the terminals 534 are on the front side 512
of the substrate 510, the contact pads 536 are on the backside
514 of the substrate 510, and the interconnects 538 are
through-water interconnects that extend completely through
the substrate 510 to couple the terminals 534 to correspond-
ing contact pads 536.

In another aspect of this embodiment, the individual dies
520 1include some terminals 334 (e.g., terminals 534a) at the
tront side 512 of the substrate 510 that are not 1n contact with
interconnects 538 extending through the substrate 510. As
such, terminals 5344 must be tested from the front side 512
of the substrate 510. Accordingly, the system 150 includes a
first probe card 590 at the backside 514 of the substrate 510
and a second probe card 5935 at the front side 512 of the
substrate 510. The first probe card 590 includes a plurality
of pins 592 positioned to contact corresponding contact pads
536 on the backside 514 of the substrate 510, while the
second probe card 395 includes a plurality of pins 597
positioned to contact terminals 534a on the front side 512 of
the substrate 510. During testing, the pins 592, 597 are in
clectrical communication with the dies 520 and adapted to
deliver and/or receive test power (including test signals) to
one more of the components of the dies 520. The pins 592,
597 can be arranged on the first and second probe cards 590,
595 1n arrays corresponding to the arrays of corresponding

contact pads 336 and terminals 334, 534a on the substrate
510.

One feature of the embodiment illustrated in FIG. § 1s that
the use of multiple probe cards provides for simultaneous
testing of both terminals 534 coupled to mterconnects 538
and terminals 534a not coupled to interconnects 538.
Accordingly, this feature provides flexibility in the testing
process 1n that microelectronic dies having terminals with
and without connections to interconnects can be tested
quickly and without additional steps being required in the
testing process. Furthermore, this feature minimizes the
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amount of time 1t takes to test a workpiece since testing can
occur from both the front side and the backside of the
substrate.

FIG. 6 1s a schematic side cross-sectional view of a
system 160 1n accordance with another embodiment of the
invention. In the illustrated embodiment, the system 160 can
include a microtfeature workpiece 600 with a substrate 610
having a front side 612, a backside 614, and a plurality of
microfeature devices 615 formed on and/or in the substrate
610. The microfeature devices 615 can be generally similar
to the devices 515 described above with respect to FIG. 5.
The individual microtfeature devices 615 have a microelec-
tronic die 620 including an integrated circuit 622 and a
plurality of external contacts 630 electrically coupled to the
integrated circuit 622. Each external contact 630 can include
a terminal 634 (e.g., a bond-pad) on the front side 612 of the
substrate 610, an external contact pad 636 (e.g., a ball-pad)
on the backside 614 of the substrate 610, and a through-
waler interconnect 638 extending completely through the
substrate 610 coupling the terminals 634 to corresponding
contact pads 636.

The system 160 further includes a first probe card 690
having a plurality of pins 692 positioned proximate the
backside 614 of the substrate 610 and a second probe card
695 having a plurality of pins 697 positioned proximate the
front side 612 of the substrate 610. The pins 692, 697 can be
arranged on the first and second probe cards 690, 695 1n
arrays corresponding to the arrays of contact pads 636 and
terminals 634 on the substrate 610.

The external contacts 630 1n the 1llustrated embodiment
differ from the external contacts 330 shown 1n FIG. 5 1n that
density of the terminals 634 on the front side 612 of the
substrate 610 1s so great (e.g., having approximately zero
pitch) that the terminals 634 cannot all be tested from one
side of the substrate 610. Accordingly, the terminals 634
must be tested by probing alternate front side terminals 634
and backside contact pads 636.

For example, pins 692a and 692¢ on the first probe card
690 are 1n electrical communication with contact pads 6364
and 636¢ (and accordingly terminals 634a and 634c¢ via
interconnects 638). Terminals 6345 and 634d, however, are
not in electrical communication with probe card 690. Rather,
terminals 6345 and 6344 (and accordingly contact pads 63656
and 6364 via interconnects 638) are contacted by pins 6975
and 697d on the second probe card 695. Accordingly, a
plurality of dies 620 having fine-pitch arrays can be tested
simultaneously by probing alternating terminals 634 and
contact pads 636 on both the front side 612 and the backside
614 of the substrate 610, even though the arrays of terminals
634 and/or contact pads 636 on the individual dies 620 are
too dense for the probe cards 690, 695. Furthermore, con-
struction of the probe cards 690, 695 can be simplified
because each probe card will not have to be configured to
test the entire high-density array. Rather, individual probe
cards will only require enough pins to test alternate electrical
contacts on corresponding sides of the substrate 610.

From the foregoing, it will be appreciated that specific
embodiments of the invention have been described herein
for purposes of illustration, but that various modifications
may be made without deviating from the spirit and scope of
the mvention. Furthermore, various aspects of any of the
foregoing embodiments can be combined in different com-
binations. FI1G. 7, for example, 1llustrates a system 170 that
1s a combination of the microfeature workpiece 200, probe
card 290, and light sources 280 shown 1n FIG. 1 with the

microfeature workpiece 500 from FIG. 5. The imaging dies
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220 and microelectronic dies 520 can be tested together as
shown. Accordingly, the invention 1s not limited except as
by the appended claims.

We claim:
1. A method for testing a plurality of microelectronic dies,
comprising:

providing a microfeature workpiece including a substrate
having a front side, a backside, and a plurality of
microelectronic dies, the individual dies comprising (a)
an integrated circuit, (b) a plurality of contact pads at
the backside of the substrate operatively coupled to the
integrated circuit, (¢) an 1image sensor at the front side
of the substrate and electrically coupled to the inte-
grated circuit, and (d) a plurality of terminals at the
front side of the substrate and electrically coupled to
the imntegrated circuit, and wherein interconnects extend
through the substrate electrically coupling the terminals
to corresponding contact pads;

forming a redistribution assembly at the backside of the
substrate, the redistribution assembly having a dielec-
tric layer over the backside of the substrate, a plurality
of ball-pads, and traces electrically coupling the ball-
pads to corresponding contact pads;

contacting individual contact pads with corresponding
pins of a probe card;

contacting the individual ball-pads with corresponding
pins of the probe card;

testing the dies; and

illuminating the 1mage sensors while testing the dies.
2. The method of claim 1 wherein the method further
comprises providing a light source proximate the front side
of the substrate for 1lluminating the image sensors while
testing the dies.
3. Amethod for testing a plurality of microelectronic dies,
comprising:
providing a microfeature workpiece including a substrate
having a front side, a backside, and a plurality of
microelectronic dies, the individual dies comprising (a)
an integrated circuit, (b) a plurality of contact pads at
the backside of the substrate operatively coupled to the
integrated circuit, and (c) terminals at the front side of
the substrate and electrically coupled to the integrated
circuit, and wherein a plurality of through-water inter-
connects extend through the substrate electrically cou-
pling the terminals to corresponding contact pads;

contacting individual contact pads with corresponding
pins of a first probe card;

contacting the terminals at the front side of the substrate

with corresponding pins of a second probe card,
wherein the terminals being contacted by the second
probe card are not 1n electrical contact with the contact
pads and/or interconnects being contacted by the first
probe card; and

testing the dies.

4. The method of claim 3, further comprising;:

attaching a plurality of solder balls to corresponding

contact pads; and

contacting the individual solder balls with corresponding

pins of the probe card.

5. The method of claim 3 wherein testing the dies com-
prises delivering test power to the contact pads while
corresponding pins are in contact with the contact pads.

6. The method of claim 3 wherein the terminals are 1n
arrays having approximately zero pitch.

7. Amethod for testing a plurality of microelectronic dies,
comprising;
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providing a microieature workpiece including a substrate
having a front side, a backside, and a plurality of
microelectronic dies, the individual dies comprising (a)
an integrated circuit, (b) a plurality of contact pads at
the backside of the substrate operatively coupled to the
integrated circuit and (¢) an 1image sensor at the front
side of the substrate and electrically coupled to the
integrated circuit;

contacting individual contact pads with corresponding
pins of a probe card;

testing the dies;

providing an antifuse at the front side of the substrate, the
antifuse being out of electrical communication with at
least one die;

irradiating the antifuse with a laser to restore electrical
communication between the antifuse and a first die; and

while 1irradiating the antifuse, 1lluminating an 1mage sen-
sor on a second die spaced apart from the first die and
testing the second die.

8. A method for testing a plurality of microelectronic dies,
comprising:

providing a first microfeature workpiece including a first
substrate having a front side, a backside, and a plurality
of microelectronic dies, the individual dies comprising
an 1tegrated circuit and a plurality of contact pads at
the backside of the substrate operatively coupled to the
integrated circuit;

providing a second microfeature workpiece having a
second substrate with a front side, a backside, and a
plurality of microelectronic dies, the individual dies
comprising 1mage sensors, integrated circuits electri-
cally coupled to the image sensors, and a plurality of
external electrical contacts electrically coupled to the
integrated circuits;

assembling the first substrate to the second substrate so
that the external electrical contacts at the backside of
the second substrate contact corresponding terminals at
the front side of the first substrate, the first substrate
being in electrical communication with the second
substrate;

contacting individual contact pads with corresponding
pins of a probe card; and

illuminating the image sensors on the second substrate

while simultaneously testing the dies on the first and
second substrate.

9. A method for testing a plurality of microelectronic
imaging dies on a microfeature workpiece including a
substrate having a front side, a backside, and a plurality of
microelectronic imaging dies, the individual dies comprising,
an i1mage sensor at the front side of the substrate, an
integrated circuit electrically coupled to the 1image sensor, a
plurality of contact pads at the backside of the substrate, and
through-water interconnects extending at least partially
through the substrate and electrically coupling correspond-
ing contact pads to the itegrated circuit, the method com-
prising:

contacting individual contact pads at the backside of the
substrate with corresponding pins of a probe card;

illuminating the image sensors on the front side of the
substrate;

forming a redistribution assembly at the backside of the
substrate, the redistribution assembly having a dielec-
tric layer over the backside of the substrate, a plurality
of ball-pads, and traces electrically coupling the ball-
pads to corresponding contact pads;
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contacting the individual ball-pads with corresponding

pins of the probe card; and

testing the dies.

10. The method of claim 9, further comprising:

providing a light source proximate the front side of the

substrate; and

illuminating the 1mage sensors with the light source while

testing the dies.
11. The method of claim 9 wherein:
the individual dies further comprise a plurality of termi-
nals at the front side of the substrate and electrically
coupled to the itegrated circuit, wherein the intercon-
nects extend through the substrate electrically coupling
the terminals to corresponding contact pads;

providing a light source proximate the front side of the
substrate; and

illuminating the 1mage sensors with the light source while

testing the dies.

12. The method of claim 9, further comprising;:

attaching a plurality of solder balls to corresponding

contact pads; and

contacting the individual solder balls with corresponding

pins of the probe card.

13. A method for testing a plurality of microelectronic
imaging dies on a microieature workpiece including a
substrate comprising a front side, a backside, and a plurality
ol microelectronic 1maging dies, the individual dies includ-
ing an image sensor at the front side of the substrate, an
integrated circuit electrically coupled to the image sensor, a
plurality of contact pads at the backside of the substrate, and
through-wafer interconnects extending at least partially
through the substrate and electrically coupling correspond-
ing contact pads to the integrated circuit, the method com-
prising:

contacting 1individual contact pads at the backside of the

substrate with corresponding pins of a probe card;
illuminating the image sensors on the front side of the
substrate;

testing the dies;

providing an antifuse at the front side of the substrate, the

antifuse being out of electrical communication with at
least one die;
irradiating the antifuse with a laser to restore electrical
communication between the antifuse and a first die; and

while 1rradiating the antifuse, 1lluminating an 1mage sen-
sor on a second die out of electrical contact with the
antifuse and testing the second die.

14. A method for testing a plurality of microelectronic
imaging dies, comprising:

providing a plurality of microelectronic imaging dies;

providing a probe card having a plurality of pins;

contacting individual backside contact pads on a backside
of the imaging dies with corresponding pins of the
probe card;

illuminating 1mage sensors on a front side of the dies

while contacting the individual ball-pads with the pins
of the probe card;

forming a redistribution assembly at the backside of the

substrate, the redistribution assembly having a dielec-
tric layer over the backside of the substrate, a plurality
of ball-pads, and traces electrically coupling the ball-
pads to corresponding contact pads; and

contacting the individual ball-pads with corresponding

pins of the probe card; and

testing the dies.

15. The method of claim 14, further comprising providing
a light source above the front side of the substrate, and
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wherein 1lluminating the 1image sensors includes directing
light from the light source onto the image sensors.

16. The method of claim 14 wherein the individual dies
further comprise a plurality of terminals at the front side of
the substrate and electrically coupled to the integrated
circuit, and wherein interconnects extend through the sub-
strate electrically coupling the terminals to corresponding
contact pads.

17. The method of claim 14, further comprising:

attaching a plurality of solder balls to corresponding

contact pads; and

contacting the individual solder balls with corresponding,

pins of the probe card.
18. A method for testing a plurality of microfeature
devices, comprising:
providing a microieature workpiece including a substrate
having a front side, a backside, and a plurality of
microelectronic dies, the individual dies comprising (a)
an integrated circuit, (b) a plurality of contact pads at
the backside of the substrate, (¢) through-waler inter-
connects extending at least partially through the sub-
strate and electrically coupling corresponding contact
pads to the itegrated circuit, and (d) terminals at the
front side of the substrate and electrically coupled to
the integrated circuit, wherein at least a portion of the
terminals are in contact with the interconnects:

providing a {irst probe card having a plurality of pins;

contacting individual contact pads on the backside of the
substrate with corresponding pins of the first probe
card;

contacting terminals at the front side of the substrate with

corresponding pins of a second probe card, wherein the
terminals being contacted by the second probe card are
not in electrical contact with the contact pads and/or
interconnects being contacted by the first probe card;
and

testing the dies.

19. The method of claim 18 wherein the terminals are in
arrays having approximately zero pitch.

20. The method of claim 18, further comprising:

attaching a plurality of solder balls to corresponding

contact pads; and

contacting the individual solder balls with corresponding,

pins of the probe card.

21. A method for testing a plurality of microelectronic
dies on and/or 1n a substrate, the individual dies comprising
(a) an integrated circuit, (b) a plurality of contact pads at a
backside of the substrate and operatively coupled to the
integrated circuit, (¢) a plurality of terminals at a front side
of the substrates, and (d) a plurality of through-wafer
interconnects extending through the substrate electrically
coupling the terminals to corresponding contact pads, the
method comprising:

contacting individual contact pads with corresponding

pins of a first probe card;

contacting terminals at the front side of the substrate with

corresponding pins of a second probe card, wherein the

terminals being contacted by the second probe card are

not 1n contact with the interconnects and/or contact

pads being contacted by the first probe card; and
testing the dies.

22. The method of claim 21 wherein:

the individual dies further comprise an 1mage sensor at a

front side of the substrate, the 1mage sensor being
clectrically coupled to the integrated circuit; and

the method further comprises illuminating the image

sensors while testing the dies.
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23. A system for testing a plurality of microfeature

devices, comprising:

a microfeature workpiece including a substrate having a
front side, a backside, and a plurality of microelectronic
dies, the individual dies comprising an integrated cir-
cuit, interconnects extending through at least a portion
of the substrate and operatively coupled to the inte-
grated circuit, and a plurality of contact pads at the
backside of the substrate and operatively coupled to the
integrated circuit;

a probe card having a plurality of pins positioned to
contact corresponding contact pads on the backside of
the substrate and test the dies; and

a redistribution assembly at the backside of the substrate,
the redistribution assembly having a dielectric layer
over the backside of the substrate, a plurality of ball-
pads, and traces electrically coupling the ball-pads with
corresponding contact pads, and wherein the pins on
the probe card are positioned to contact corresponding

ball-pads.

24. The system of claim 23 wherein:

the mndividual dies further comprise an 1mage sensor at the
front side of the substrate and electrically coupled to
the integrated circuit; and

the system further comprises a light source positioned
over the 1image sensors and configured to provide light
to the 1mage sensors during testing of the dies.

25. The system of claim 23 further comprising a plurality

of solder balls on corresponding contact pads, and wherein
the pins on the probe card are positioned to contact corre-

sponding solder balls.

26. A system {for testing a plurality of microfeature

devices, comprising:

a microfeature workpiece including a substrate having a
front side, a backside, a plurality of microelectronic
dies, and an antifuse at the front side of the substrate,
the antifuse being out of electrical communication with
at least one die,

the mdividual dies comprising (a) an integrated circuit,
(b) interconnects extending through at least a portion of
the substrate and operatively coupled to the integrated
circuit, (¢) a plurality of contact pads at the backside of
the substrate and operatively coupled to the integrated
circuit, and (d) an 1mage sensor at the front side of the
substrate and electrically coupled to the integrated
circuit;

a probe card having a plurality of pins positioned to
contact corresponding contact pads on the backside of
the substrate and test the dies; and

a fuse repair apparatus having a laser positioned to
irradiate the antifuse and restore electrical communi-
cation between the antifuse and a first die.

27. A system {for testing a plurality of microfeature

devices, comprising:

a microieature workpiece including a substrate having a
front side, a backside, and a plurality of microelectronic
dies, the individual dies comprising (a) an integrated
circuit, (b) interconnects extending through at least a
portion of the substrate and operatively coupled to the
integrated circuit, (¢) a plurality of contact pads at the
backside of the substrate and operatively coupled to the
integrated circuit, and (d) a plurality of terminals at the
front side of the substrate and electrically coupled to
the integrated circuit, wherein the interconnects extend
through the substrate electrically coupling the terminals
to corresponding contact pads;
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a first probe card having a plurality of pins positioned to
contact corresponding contact pads on the backside of
the substrate and test the dies; and

a second probe card at the front side of the substrate
having pins positioned to contact corresponding termi-
nals, wherein the terminals being contacted by the
second probe card are not 1n contact with the intercon-
nects and/or contact pads being contacted by the first
probe card.

28. The system of claim 27 wherein:

the individual dies turther comprise an image sensor at the
front side of the substrate and electrically coupled to
the integrated circuit; and

the system further comprises a light source positioned
over the 1mage sensors and configured to provide light
to the 1mage sensors during testing of the dies.

29. The system of claim 27 wherein the terminals are 1n

arrays having approximately zero pitch.

30. A system for testing a plurality of microfeature

devices, comprising:

a 1irst microfeature workpiece including a first substrate
having a front side, a backside, and a plurality of
microelectronic dies, the individual dies comprising an
integrated circuit, mterconnects extending through at
least a portion of the substrate and operatively coupled
to the integrated circuit, and a plurality of contact pads
at the backside of the substrate and operatively coupled
to the integrated circuit;

a second microfeature workpiece having a second sub-
strate with a front side, a backside, and a plurality of
microelectronic dies, the individual dies comprising
image sensors, mtegrated circuits electrically coupled
to the 1mage sensors, and a plurality of external elec-
trical contacts electrically coupled to the integrated
circuits, the first and second substrates being assembled
together so that the external electrical contacts at the
backside of the second substrate contact corresponding
terminals at the front side of the first substrate, and
wherein the first substrate 1s 1n electrical communica-
tion with the second substrate;

a probe card having a plurality of pins positioned to
contact corresponding contact pads on the backside of
the first substrate and test the dies; and

a light source positioned above the front side of the
second substrate to 1lluminate the 1mage sensors during
testing, and wherein the probe card contacts corre-
sponding contact pads at the backside of the first
substrate to test the dies on both the first and second
substrates.

31. A system for testing a plurality of microelectronic

imaging dies, comprising:

a microieature workpiece including a substrate having a
front s1de, a backside, and a plurality of microelectronic
imaging dies, the individual dies comprising an 1mage
sensor, an 1tegrated circuit electrically coupled to the
1mage sensor, a plurality of contact pads at the backside
of the substrate, and through-wafer interconnects
extending at least partially through the substrate and
clectrically coupling corresponding contact pads to the
integrated circuit;

a light source positioned to illuminate the image sensors;

a probe card having a plurality of pins positioned to
contact corresponding contact pads at the backside of
the substrate and test the dies while the 1mage sensors
are 1lluminated; and

a redistribution assembly at the backside of the substrate,
the redistribution assembly having a dielectric layer
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over the backside of the substrate, a plurality of ball- the substrate and electrically coupled to the integrated
pads, and traces electrically coupling the ball-pads with circuit, wherein the interconnects extend through the sub-
corresponding contact pads, and wherein the pins on strate electrically coupling the terminals to corresponding
the probe card contact corresponding ball-pads. contact pads.

32. The system of claim 31 wherein the individual dies 5
turther comprise a plurality of terminals at the front side of k& & ok ok
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